The fact that none of the R 2 Fe 17 ͑Rϭrare earth elements͒ compounds exhibits a room temperature c-axis anisotropy restricts the possible applications of these materials as permanent magnets. In order to improve the room temperature uniaxial anisotropy of these compounds, many investigations have been focused on either substituting other elements into the R 2 Fe 17 structure or preparing materials with additional atoms located interstitially. [1] [2] [3] Recently, it was found that an easy c-axis anisotropy was induced by the substitution of Ga or Al for Fe in Sm 2 Fe 17 without introducing interstitial carbon or nitrogen atoms. 4, 5 These compounds seem to give us a new hope in obtaining stable and high performance permanent magnets. However, it is difficult to distinguish whether the increase in the bulk uniaxial anisotropy results from the enhancement of Sm 3ϩ sublattice uniaxial anisotropy or the decrease in the iron sublattice planar anisotropy. In order to obtain more information concerning the effect of Ga substitution on the magnetocrystalline anisotropy for the rare-earth iron 2:17 compounds, we extend this study to the whole lanthanide series, including RϭY, which has no contribution to the magnetocrystalline anisotropy of rare earth sublattices.
Samples with the nominal composition R 2 Fe 17Ϫx Ga x ͑RϭY, Sm, Gd, Tb, Dy, Ho, Er, and Tm; 0рxр8͒ were arc melted in a high purity argon atmosphere. The button alloys were remelted at least four times to ensure homogeneity, then annealed under an argon atmosphere at 1273 K for 24 hours, followed by quenching into water. X-ray diffraction measurements on powder samples were performed using Cu K␣ radiation to determine the crystallographic structure and phase purity. X-ray diffraction patterns indicate that all samples have a hexagonal Th 2 Ni 17 -type structure or a rhombohedral Th 2 Zn 17 -type structure. The lattice constants a,c and the unit cell volumes can be obtained from fitting the rotation anode x-ray data. In order to compare the volumes of the hexagonal cells with the rhombohedral cells, we have multiplied the former by 3/2. Figure 1 shows the unit cell volumes of R 2 Fe 17Ϫx Ga x compounds as a function of Ga concentration. It can be seen that the substitution of larger Ga atoms for smaller Fe leads to an approximately linear increase in the unit cell volumes at a rate of about 8.7 Å 3 per Ga atoms.
The values of Curie temperature were derived from the temperature dependence of magnetization ͑T͒ curves measured by a vibrating sample magnetometer in a low magnetic field of 1 kOe. The Ga-concentration dependence of Curie temperature indicates that the maximum values of Curie temperature occur at about xϭ3. In general, the Curie temperature in Fe-rich rare-earth-iron compounds is mainly dominated by the exchange interaction of the iron sublattice, which is strongly dependent on the Fe-Fe interatomic distance. The generally low values of Curie temperature in R 2 Fe 17 compounds result from the relatively small Fe-Fe distance in these materials. The initial increase in Curie temperature corresponds to an increase in the positive Fe-Fe exchange coupling as a result of increasing interatomic distance. At higher Ga-concentrations, the magnetic moment It is possible that the substitution of Ga changes either rare earth sublattice anisotropy or iron sublattice anisotropy or both. In order to distinguish separately the contributions of these two sublattices to the bulk anisotropy, one can either make a full substitution of nonmagnetic Ga atoms for Fe or choose the rare earth elements without contribution to the rare earth sublattice anisotropy, such as Y and Gd. Unfortunately, up to this data, it is impossible to fabricate the single phase 2:17-type samples R 2 Fe 17Ϫx Ga x with xϾ8. Thus, we select two series of Y 2 Fe 17Ϫx Ga x and Gd 2 Fe 17Ϫx Ga x compounds first to investigate the effect of Ga substitution on the magnetocrystalline anisotropy of iron sublattice. The magnetocrystalline anisotropy of these compounds was investigated by means of x-ray diffraction patterns for magnetically aligned powders. The samples were ground to fine powders, mixed with epoxy resin, and then aligned in an applied magnetic field of 10 kOe. Figure 3 shows the room temperature x-ray diffraction patterns of magnetically oriented samples with xϭ6 and 7. It can be seen that the patterns of Y 2 Fe 11 Ga 6 and Gd 2 Fe 11 Ga 6 contain the peaks of ͑220͒, ͑300͒, ͑330͒, and ͑600͒, while those of Y 2 Fe 10 Ga 7 and Gd 2 Fe 10 Ga 7 show the diffraction peaks of ͑006͒ and ͑009͒. The results clearly demonstrate that the easy magnetization direction of iron sublattice changes from basal plane to c axis with increasing Ga concentration. Figure 4 illustrates the Ga-concentration dependence of easy magnetization direction of R 2 Fe 17Ϫx Ga x compounds. For RϭTb, Dy, Ho, Er, and Tm, the change in magnetocrystalline anisotropy is consistent with that for RϭY and Gd. Neutron diffraction studies for Tb 2 Fe 17Ϫx Ga x compounds 6 also indicated that the magnetic moments are oriented along ͓001͔ when xϾ5. However, for RϭSm, the easy magnetization direction changes from basal plane to c axis as x increases from 0 to 2, whereas the easy magnetization direction changes from easy c axis to plane again when xу6. The modification of magnetocrystalline anisotropy was also found in pseudobinary alloys R 2 ͑Fe,Co͒ 17 and R 2 (Fe,Ni) 17 compounds. From
magnetocrystalline anisotropy will be predicated in the samples with RϭSm. However, the easy magnetization direction changes from easy c axis to basal plane again when xϾ6. This suggests that the substitution of Ga also influences the rare earth sublattice anisotropy. The anisotropy of rareearth-iron compounds is determined from the sum of the Fe sublattice anisotropy and the rare earth sublattice anisotropy. It is well known that the anisotropy of Fe sublattice is easy planar for R 2 Fe 17 . The contribution of rare earth sublattice to magnetocrystalline anisotropy arises from the coupling between rare earth ion orbit magnetic moment and the crystal electric field. If the second-order field term is predominant, the anisotropy of rare earth sublattice can be described by the product of the second-order crystal parameter A 20 and the second-order Stevens coefficient ␣ J on the basis of single ion model. 8 A negative ␣ J A 20 exhibits a uniaxial anisotropy. It has been shown previously that A 20 is negative in the R 2 Fe 17 compounds. All rare earths except for the Sm, Er, and Tm have a negative ␣ J : accordingly, their compounds of R 2 Fe 17 have an easy planar anisotropy. For RϭSm, Er, and Tm with a positive ␣ J , the R sublattices in the R 2 Fe 17 compounds have a uniaxial anisotropy; however, the planar anisotropy of Fe sublattice overcomes the axial anisotropy of R sublattice. Only Tm 2 Fe 17 exhibits a uniaxial anisotropy at low temperature with a spin reorientation temperature of 72 K. 9 The bulk anisotropy of Sm 2 Fe 17Ϫx Ga x with xу6 is planar, while the iron sublattice exhibits an easy c axis anisotropy when xϾ6. This result demonstrates that the magnetocrystalline anisotropy of Sm 3ϩ sublattice changes from easy axis to easy plane with increasing Ga concentration up to xϭ6. This change can be suggested to result from a possible change of the second-order crystal field parameter A 20 from negative to positive with increasing Ga concentration. For the samples with RϭEr and Tm, which exhibit an easy c axis anisotropy at higher Ga concentration, this is because the strong uniaxial anisotropy of iron sublattice suppresses the weak planar anisotropy of rare earth sublattice. A more detailed investigation is in progress.
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